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(57) Abstract: The edge of an image is extracted to calculate the 
edge information which is composed of the magnitude of the edge 
gradient and the gradient direction. A smoothing intensity is cal- 
culated from the brightness of a pixel. From the edge information 
and the smoothing intensity thus calculated, the filter information 
is selected. By this selected filter information, electronic data are 
smoothed. The filter information is preset so that the smoothing 
operation can be performed at a high speed by selecting proper fil- 
ter information. Moreover, information within a smoothing range 
is set to form an elliptical shape fora large gradient and is inclined 
according to the direction of the gradient. Therefore, the noise in 
the vicinity of the edge can be eliminated concentratedly. 
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15 izm^(Dis:,\,^m^s TUiD%mm^^9^i^^^\z\tj^X'f)^^iL'DX^^'t^m\^\z 

^mt. '^<Dj:.^-f3imimz^^n^y^x^m^-t'^rz.isbi,z. mm^m^-ir^n 
^^'-^a:>±^^\zw-mimm^nmvrz.^. ji^y>^mmzmzs\,^xmmiz^^n^ 

20 jiyz^mn^^i^L'rc^^y-rx^^^^T^ijmti.T. (a) ii^cDx^;/>?<D 
^mzft-cx^mitMrc\mn^mM-r^:iDm. ^rc\t (b) x^y v(D:;^fp]^^iitt4 

bT¥?t^t:<^l5ffl^^M'r^:;^?5fe;^£j&^^^;^e>tlTVi^o z:z.X. x-ySxCO^gBi:' 
bTi^L 7^75-5 6. (a) x>yi^(Di^IBt3jfc;:i;T¥?t>f[^*fcfAl^fl5>^?^S^-r^ia'&. 
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^^\z. (a) 43j;Df (b) \t^ti^nmn(Dmmtvxmm^nx^D. mm 
<Dmm^mm\zmm-r^:^mu:/3ii\ 
^:ix. ^^m<Dmmi^. mi^<Djiy>^f}m\'ffcy)^ism<Dy'iXi!}mm-^ri^ 
10 :i^tji<. y-^x^m^v. f}^'Dmmizy^x^m^mm^T^mmmm:^m. is 
umi^:i^.^ummmmmm^im-r.^iitiz^^. 

15 i$zm<Dmmmm'^m\z^^t. jiyz^izMj^-i^rzy^jv^mm^m^^xm^'T- 

^^^^^7^>t?^< , m^w-^^ :/^-r ynikmizj: y) ^miz^m^mm^mffr^ z. ti:)^x 
20 . y-ix^m^-r^zii^^x^. :^>-:>i^mizy-(x^m^mi'm^T^:iiii^^x^^ 

25 uf:>^n^<D^iti}^i^^\,^t.^\-x. }V'$^mm<DW'mit(Dmm\-m\^miiM. 
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iS H ^ ^ b $ -ti- -5 r i -e ^ ^ o 

2mmo:>mmmmmw\z^:^t. m^y'-^izm-zsi^^xn^^nmi.. nmib^^^ 
x^. jiyi^7&m(Dy^x^m^mzm^'f^:Lt-^^x^^o ltct^^-dx. w-m.^$ 

1 3um(Dmmmmmmiz^^ ii. :i^^y>^\z^jt^htzy^}Ui^mm^m^^xm'f-^ 

^mz^ri^m\zw-m\tmm^m^-r^^tf)^x^^. ^tz. mm\zm\::^x^m^t 
20 (Drzist><Dy ^ )v^mm^^^-^n^. Ltzi^^-DX. mm(DJiyi:^mtnrzr)^^is.^^ 
CO y X)0^gtii$ n§ d <h/^ < . mmizjB\:'X^mmzj'< x^m^r^ ^: tib^x 

25 siti, ^^m<D-mmmzj:^mmm^:^m(DmmcD^n^^'rya-mx^ 
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>f b H ^ 15£ BJ f § 56 CD HI T ^ o 

9- U >^V^'^^ — 3^ n = 4. m=l. 2 5. ^@B0O;^fn| 0 g = 4 5 (Dt 

liii ^^m<of^2mmm\zj:^y'zyi^jv:fy^^(Dmm\Ei^^w:rmxh^ 
mi2\-x. :^^m<Dm2mmm^z^^mmmm:^m(Dmn^^rya-mx^^ 

25 
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cm 1 mmm) 

5 

lH|{^T^-5o Mm^l^lO\t> CPU (Central Processing Unit) 11, ROM ( 
10 Read Only Memory) 1 2 6 0 ^WUTVi^, ROM12fCtl. M 

m^^i ocDCPui i^j:umm\Bi^6 0TiifT$n'Sn>tfzL-^>^D^^A*« 
m3iz^-r^^\zmmm^6 oiit. x^y>^is#g#fcB^^6 1, y^jv^mnmiR 

15 ^r^. m2izyjkT<^oizummi oizift, rL—^^^i^(Dxti^^i-fm-f^r^i?>(Z) 

mmxtl^^2 mytU>X2 1. cod 2 2*Dj:r5^A/D^Jfe§§2 s^w 

20 i^xi^^. mytu>X2i\t^^m^^(D^^ccD2 2--.mytr^. ccd22 
\tmmm'f'^m^m i^x\^^^o ccD2 2ti. 7K^:iD\^u^mzm\a.:^[^\z-^ho 
o 7.mzimi'mwM-^nx\.^^^mm=i-t^^u a . 1 •^(r^^%M=f-t^ 1 cxDi®^:^ 

25 t Is^Tti. Cy (Cyan), Mg (Magenta), Ye (Yellow) ^^XSQ ( 
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Green) i}^iE>U:bm^y ^ )li$^-Amm-^nXl^^o C CDOm^By ^ JV:^ltt. ^TL 

), m (G) :i5^ZSn (B) (Dot>'Ao:)^(D^^mMt^o Cy = G + B. Mg = 
B + R^iU!:Ye=G + RT*^o 'tUi:>t,. I'Do:)^ ^ )V^-i: 2'^(D^^mm^ 

5 

CCD 2 2(D^mmm=?^^xm'^rifz.mt.mmm^\z^m^nxmtiZ'n^. c 

CD 2 2 7&^e>m:^$n;^c:m^ft-^tST:^D^{t-^Tafe'g)(DT. A/'D^^|g2 3 7? 

IBig^BB 3 0 . RAM (Random Access Memory) 3 1 ^^ZSyy V :x :^^^) 
10 3 2 ^^UTVi^„ RAM3 1<hbT«. irJl^:7 U :7 1/ i/a.^tl^^f'SD R A 
M (Dynamic RAM) ti^^^ihtl^. :7 >y ->a. ^ ^ ij 3 2 tlil^ bfcJ: < T felE^^ 

RAMS mm^l 0T^ll^fcttA/'D^m^2 3 ;6^^m:^I$nfc5^i^i$^ 

15 }V(Dm^'T—i^^-'mm\zmmT^. :7-^«:;e/^^^u a 2«, ramsi^c— 

^^^4 0^S. m^^^^m. (LCD) 4 l^ctt/VRAM (Video RAM) 4 2 

<£:^bTVi§o LCD4 1 «:7 5/^ p< ^ ij 3 2 (3fS^$ nxVi^m^T'-^ ^ 
20 /!:tiA/'Di^i^§^.2 3;^j^e>ffl:;^j$nfc5=^vi$7;v(7)^^5^_>5;}3g-3*<|gj^:^^^-^ 
-So VRAM4 2^-«LCD4 1 T^^-r^;^cJ6{C®^5='-i$^^^ f,{^^K$n^^^ 

>^-7x-r:^ 5 :7^>:/'>a.^^rU 3 2iiiE^$nTVi:g>m^7'-i5'^ 

25 il^iC. ^iJtaigPl 0 XCD^S^i-l^ViTf^iBfClJg^qi-^o 
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$ nx V i ^ n > tf — y n ^ ^ A {3 ^ E^^co^ji ^ ^tf-r -5 o 
5 u^cD^tuz-Di^^xmmT^o mm^^6 oay^^m-vmn-^n^^m^-A. cpu 

10 E^t-jj[^t^mm-r^o 

. ^Bwm^p ( i . j ) t-r^c 
A fx={p(i+i, j ■ 1) - p(i- i)}H-{p(i+ i,j) - p(i- 1 ,j)}+{p(i+ i,]+i) - pa- i,j+i)} 

15 Afy={P(i-lJ+l)-P(iaj-l)}+{P(iJ+l)-p(ija)}+{P(i+l,j4.l)-P(i+l,j.l)} 

±m(D^x\t. m5{z^'r^oiz^Mmmp\z'Di^x}&mmm<Dmm. :^mmm 

^X-y >?'lt|g-5^^ti3-r^ (S10 2)« X^y>^(D^@BCD:^#$ g r a d^i^TcD^^ 
(A) \Z^D. x^yi><D,^m<D:^me s1,t&.T(D^ (B) }c:J:0^tB$n§o 
25 G((2>) = ^A//+A// (A) 
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(B) 



±$E(D^ (A) :f5^ZS^ (B) iZ^-^l^^T. Jl-y i^\mmmm^6 1 UJLy i>m 

^fd. ±m<D^ (A) .<Z3«;:bt9f3> ^(7)^ (A 1) ^Ttti^ ( A 2 ) JCJzOJI':/ 
5 >^(Z)i^JgB£D:^c^$^^aiUTt>j;l^o ^ (Al) ^fcti^ (A 2) ^^V^^S ;i i 

grad(<p) =\Af,\ + \Af^\ (A 1 ) 

gradi^) = max(A/, , AT, ) ( A 2 ) 

15 (w-m^mmniii^m 

^m^ks^^jO^'^tB^n-g) (s 1 0 3)o 

20 ^ (C) {CJ:oTmfcB^n^o 




(C) 
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^jTrt^> n = 5 OtdHg^bT^^-So 

m<D^-^m^iii-^nrcj^yi^mm:Bj:i^^^m^\:mmiznj:B\^r^y-^)i^^mm 

-5 (S 1 0 4)0 



*3«i:rJi^nc7)M (^\Zn(Dim S:;^€<b. Sfe. ^ 




(D) 
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15 ;^cfi6. ^J@BcD::/c^$ g r a d755^^^g$ti^a:. ^iDi2Dgeo5;^#$ g r a d Jd^l^j^-r 

^zLxx^-^j >^n^ n^mt-^'ittcm^^z^mit(Dmm7()^a<D^o\z^ 
20 ^^^^7 x7rjiammzm^'^mx^^o 

mSt^i^. n^l(Dt^W-mit(Dmm^'i±:^[^iZi^~\Zt£'DX\r^^Z.t7!j^^i!}^^ 
o :in\zni^. nt)i±^<f3:^\Zl.rz:^tr>X. ^@e©;6rfS] 0 g lc?^-pfe^<D:^^;&« 
m<f^D. ^m^t<D^m-^^Jiyz^E\zra-DXM^LX<^(Di!)^6fi!)-^:bo ^tz. n = 

3<^Di^^<rj:^^^^mito:>mmm^^/vizmtLt^i^. vrzf)^'DX. 0 = 0. 7 

25 (Dm^lZitt^^M^X'r-O >^A°^^-i57ncD|gH^il;^>.e> ST^'Stl/iX.^o 
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15 t^^o 

^nxvi^o ^<Dm^(Dy^)v^mmz\t. ^m<D±^-^gr sLdiz^-DX^^-^ 

ffi ^ w^m^t^m o (Dm ^m^'&t)-^^ ::h\z<kKi nx\^^^w-mit(Dmm 
20 i}^t^^nx^^^. . 

y ^ }\^i^mmmR^m6 3\t. ^^^yv-^-^^ua 2\zmm:^nx\^^^^mi(Dy 

25 ^iBcD:^|^0g. 7^cC?>mc¥m^k3t^^tB¥l&6 2tc^0^ai$nfc:¥it<b3t^a 
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5 s 1 0 5)„ w-m<tmm\:s.. mmmmp ■A^^ti!iti-^nrzmi^y^-~i$^ co^^—^ \zy 

^'^^9^ = 4 5" . tn^UizmBmrnpo^mmYizm-zsi^^xwii^i-^n^^^m^t^m 
10 ^^0 = 0. Q-v^-Dtzm-^. y^ jv^'mmm^^^^e 3\z^K>mi o\z^ir^of3i 

0 (D^^mmiz^n-^n^. mmmmpcDmm^^h'j^TsS o (D^^mmiz^^m. 
15 ^n^:ih\z^r)^ f^mmmp(Dmf-^-^iz^m^mmmri:iri^. 

{z-Di^xmmT^. ^m^t$ikm\ii'D(Dmm\z'D^^xmm2 4m<Dmm\z^\^^xm 

\z-oi.^xmm-^nrz^m^[:mm<Dmfa^^w-m<tmm'ik<Dm^^—i^tf3^ 
20 m^'^^^m 

RAMS 1 izmm-^nx\.^^m^^-t$'\ty^y>^:^^^^j s 2^mm^n^5'- 
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^\^fzMW<D^^. JPEG (Joint Photographic Experts Group) ^SVHST I 
FF (Tagged Image File Format) f^iiCDy t ^ )Vm^-mmm-^fl^. Zm-^tltz 

5 (1) "Ti^^Jl:^^^ i(Dm^lyU\^mm.x^ ^l/"^^ roNj IZT^t. 

^(Di#~^s^oi#cr^i:^c^^i/>X2 i\z^r^myt^nrcyttmm.m^\z^ 

10 2 375^e>tH;^^$nfc5^>^^S7;^cDm^■7='-^$'^JVRAM4 2t3^3ll$n. ilJ^^t^T^^ 
i&l®^:bTLCD4 1 ^C^^^n^o 

(2) rL— y-*tc.±:D>'iru/:$'-7f^37>7 1 ;&^'f^»l5HcD^4'*Tjf biA^nfc 

15 t)-^CCD2 2(D«^^#^I0#rBl^»PT^:^i^lJ:D^M'5Jtil?S^o T^i^^J';!.:^ 

. icDv-^^yij^t^, m'mmz^^m^m.mm^i^^y^. fe^v^iccD220D 

20 fcCfiJ^. ^.•^.'&:b-li-7S:<i:^fT"5o iRiJTt, ^l^'^:b-fr;^?5^7-r^ CCD2 2t::^ 
C0^>?>^CCD2 2^AS*b, CCD 2 2 «AI^I'bfc3t0^gJ;:j;£;i;fem^^(;[)S}3S 

(4) CCD 2 2-fy^^\i^ti-^nrzLn.n.m^\^A/j^m.^^2 ^\z^r)^i:>^)v 
25 cDm^7^-i$7tc^^^$n^o ^i^^)V(Dn^^--$r\-x. nmit(Drz.}sbDUA ( 
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Direct Memory Access) iZ^Ki lOcDCPUl 1 ^:f\-^-f\zm^R AM 3 1 

(5) RAMS i\z$-d.m^nrzm^^-^\tm^m\B]^ 6 0 iz^y) ±j^(Dmm7b^ 

(6) mi^^—i^<DJ£mi:}^^T-t^t. m^T"— ^tlRAMS l;&^e,:7^^:/-> 

^±mmi^rz^^ \z. ^^m(Dm i mmm\zk^7'i^^)itj p< ^ i (Dwrnmrn:^ 

10 mzJ^^ii..f^BmmP^m^Jiyz^(D^m<D±^^ g r a dtdck-r^X^^^n^ 

pi)^^t^t]-^n^m=^y'-^^^ibwa!,^n^^m^t^mo\zm-^\^xy^}i'^mm 
\zm'Drcmmf3iy^)v^m^^m^'r^::t'^^'v^^o ^rc. y-^ ji^mmu^^ 

X <£rS 1^ 6^ f3 I^^T -5 ^ § o 
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^'T^z.t^'^-e^^o 
2 mmm) 

5 ^%m(D^2mMm\zx^'Tz^^)i't!^^<Dmmm^i 0 o^mi Os tji^mz 
mm(D^m^mi if'^-To w.immmt^Mmizm-(Dm^m&^rz\tmm\z^ 

me s^wii^-r^z:t\zy^jvi^mm^VF^'r^j^.xfBimmmtmu^o 
10 mi o\z^T,ko\z. m2mmmzj:^^i:^i^)vti^^(Dmmm^i 0 ojit. x 

x^;/ >^if $g^fcti^^ 1 0 1 *5ckOT?t<b^^^m^^ 1 0 2 1 mmmtmm 

:7^;v^'Itlg#^!K¥g:i 0 3«, x>;/ i^jt$g^m^gs 1 0 iJ-cto^tfci^ 

15 ntzJiy i;^mmtsi^zs\zw-m^t^mm.n!,^^i 0 2\z^riWfii-^nrcw^m^t^^m\z 

mm.^m^'r^^mm-i3^^&ii3'^n^n^^—^\z^-:5\^^xj:.yi^mm^xxs 

20 m 2 ^Ifg^iJTH, CCD 2 2 70^^>{±i^$n;^c-^^T--^7i)^5.Xv>?;£^Sl±iU (S 
2 0 1), ^^\!A'^ntzJL^yz^f)^i^:r.yi^mm^%\^t^mm (S202). 
^m^bS^^^Sr^m-r^^Jii (S 2 0 3) Bl^»^i:!II-#T3b^o ^2||M^J 
}V^mm^^^^l 0 3JCJ;D^m$nrc:X^;^>?1ff$Bj3J:OT?t{b5t^ 

25 'If $g#^¥© 9 3 Hti3Z!i(D^ (D) \zm'^\y^'Zy ^ )V^mm^^^-r^ (S2 0 
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10 ^^^m•t^m\z'Z)\^^xm^nvtz.f}^. nm.y <Dm-n^^^\zmM\^x%^< , 
vi^mmi(Dn\^t.nmY(Dm.\h^nm\zmmmMvx^^\^. -^tz. nm.Y\z^^ 

^Tn^^ZSn^^if^^^:it\z^r)^m^[:(Dmm^^^f^^X\^^^o {.t^V. w- 
15 mit'^mo^m^LXh. 7^'r-^J>if/^^;^-^m^^xSn^mt^i±^:it\z 

ckD, W'mit(D^mt:mt^^^:ithx^^. ltc^^-dx. ^m'im^o(Dm^ 
ny^ ji^mmoi^^^t^^ith'^mx^^o 

^-Jsm^ bTPrewittrt^ 1/—^ X^tzf)^. Sobel:^^ 1/— tiKirsch:t^ 

U'-'^uEm<DjLvi^m^-i5m^^mvx'hx\^^o 

^mM(D^W(Dm:mmx\^. xtf^n^m\^t\^xm'^y ^ jv^^^ 
5 e>mm(Dti^-mmz'D\^xmm\^tcfi^. '^(Dm.ROBom^y^^ 
25 ^ffiv^j^c;??^-®^. io24mm%\^<v^4o^Qmm(Dti^-mm-. ^u-y. 
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5 ^^m(Dm^(Dmmmx-\t.mmmmmmtvxy'i^^)vt!?i>^\zmmvr^i!)^. ^ 
■iyi^ji^:^^^\zm^^::^^^'±^m^mf<siE<Dmmm^^Kimm\z^^mmmm. 
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10- -'^^^mitm^-r^^m^mt.. 

^t^m<t<ommi}m\^m'mzn^-^nx\^>^y ^ )v^mmm^-^n^z.t^^WL 
15 tr^m-^m i mmo^mmmm-jsm. 

mmy ^ )\^^mnmnwt^x\t. mt^jiyi^mmnti!,mmxnti^^ntztt]mx^y 
z^mmji<=>zs\zmm^mimmwm^^xnm-^nrcmmw-m^t^m\zs^}^^^ 

25 5. xtt-^nr^mmom^^-^^^mitL. m^m=Fy'-^\z^±n^m^-^ 
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muy >( )v^mnm^v&\.^mxm^\!i^nfz.mt^y ^ )v^mmzm':s\,^xm^ 
25 (Dmmm^. 
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10 10. mm.mm.t^xti-^n^Kti^^. uhmzm'^TKti^mi-^^^ti^n^m, 

46 CD D > t! ZL - y D ^ A 7&^fB^ $ nfe 12^ ^*:T' -3 T . 

20 - ^ ^mwL^mt ^ m^mm ^ ^ 

25 , ttffBX';/S^(D^@B©::^^$43ckr>'l^^iBcD^[^]75^e>/d:^ 
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10 ^^^m\mm.m-w.^ik^-^^\zm7L. 
u-^m\L'^mM\idx^m\z^y}n^-^ntzM%^^ 
1 3. n'$mm(^7<n-^r\.. wmm^mm.-^n=^'f'-^ ^x^x^-n-^^tm^m^x 

15 :t3^mt. 

m^:j^y i^mnnih^m\z^K)m-H^'^tircJL^y i^mmizm-^i^xy ^ )i^mm^ 
20 ^^/^Jc-r ^y^)i^ -mmi^^^m: t . 

mmy>( m^m^^m, \z^K>Y^^^tircy^ \zm'^\,^xm^m'f-y' 
'-^\zw-mi\:,mn^mn'r^^mitmm.^wt^. 

25 
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